defined on an open set V in C n . We denote the principal part by p (x, D):
(x,D)= H a a (x)iy \a\=m
and assume that it is not degenerate or that p (.r, Z)) 7=0 for any fixed x in V. Since we consider only local problems, we may assume without loss of generality that the coefficient of D™ is equal to 1. [17] ).
If an element (x\
In particular, there is a homogeneous polynomial
We have Hamada's method in [9] , we can prove that Uj(x) are holomorphic on a fixed complex neighborhood V 0 of x° and that there is a constant C depending only on f k (x') such that
(see [17] ). When ff = l, this is known since De Paris [5] ; Hamada [9] obtains essentially the same estimates with the irregularity ff replaced by the multiplicity d. (16) !«,(* on a neighborhood ofx° with a constant c^O for infinitely many j § 3. Hyperbolici ty.
From now on we assume that P(x, U) is a linear differential operator with real analytic coefficients a a (x)
defined on an open set Q in R n .
Since the coefficients are continued analytically to a complex neighborhood If the coefficients of P(x, D} are constant, a complete characterization of hyperbolic operators is known in each case (I. G. Petrowsky [32] and L. Carding [7] for Case I; E. Larsson [19] and C C Chou [3] for Case II; T. Kawai [14] and P. Schapira [34] for Case III).
Therefore we will be concerned with the variable coefficient case. Usually the hyperbolicity condition consists of three parts:
Condition A. The initial surface is non-characteristic; Condition B. The characteristic roots are real, i.e. the roots Ci of the algebraic equation (21) x*,Ci,n=o are real for any x and g'^R 71 ' 1 ;
Condition C. Some conditions for lower order terms. The necessity of Condition A is proved by constructing null-solutions. J. Hadamard [8] and S. Mizohata [25] proved the existence of C k nullsolutions for simple characteristic surfaces and De Paris [4] extended to the case of characteristic surfaces of irregularity 1. We have proved the following theorem in [17] (cf. J. Persson [31] ( 2 ) then it is shown that the formal solution (11) converges in the complex domain in the respective topology. The estimates (15) play an essential role. Lastly we take the boundary value of the solution on the real domain.
The necessity of Condition B in Case I was proved first by P. D. Lax [21] when the characteristic element is simple and then by S. Mizohata [24] without any restrictions on multiplicity. When the characteristic element is non-singular, we have When the characteristic element is simple, H. Nakamura [28] has proved that there is a real analytic solution which cannot be extended to any ultradistribution solution on a larger domain.
We can generalize Theorem 2.2 of P. D. Lax [21] to the effect that if the Cauchy problem (17) Ci of the equation (27) are real for any K. Kataoka [13] has proved the necessity of Condition B for Case III by showing that if there is a characteristic root Ci(f') with ImCi<CO, then the Cauchy data ze> fc (.r') for solutions u(x) in x^>Q satisfy a pseudodifferential equation.
J. M. Bony-P. Schapira [1] proved that Conditions A and B are sufficient for hyperbolicity in Case III. Originally Levi's condition (7 = 1 was introduced as Condition C in Case I by E. E. Levi [23] , A. Lax [20] , M. Yamaguti [35] , S. Mizohata-Y. Ohya [26] and J. Chazarain [2] . They proved that the Cauchy problem (17) is correctly posed in Q and S)' if Conditions A and B hold and if every real characteristic element is non-singular and of irregularity 1. Necessity of Levi's condition is also proved by S. Mizohata-Y. Ohya [27] when the multiplicity d is at most 2 and by H. Flaska-G. Strang [6] in the general case. More strongly we have the following (17) is in ^)* / (^0), where * is either (5) or {s}, and will prove a contradiction.
Let /e <?*(!?). We restrict ourselves to the solutions u (x) defined by (11), where we take
In view of (14) we can easily prove that In case #=($) (resp. *={s}^, we can find, for every compact set in *0 0 , constants h, L and C (resp. for every compact set K in JS 0 and A, Z/>0, a constant C) such that (35) l|f»(^)l|c»i"-»)'^CLV (*!)'.
Comparing (33) and (34) Leray-Y. Ohya [22] and Y. Hamada-J. Leray-C. Wagschal [10] . Theorem 5 may be proved by each of their methods. We can also prove it by constructing the fundamental solution as the superposition of Hamada's solutions [9] with polar Cauchy data as in T. Kawai [15] . Again estimates (15) play an essential role.
